
a

.ED 149153

Docummi ammik

SE 022 586

AUTHOR, Good-, ion; AndOthers.'.
TITLE A Model for Facilitating Formal Thought in the

College Science*Student..
PUB DATE Mir 77. -.

-71 -``-'
NOTE 21p,; Paper'presented at the ational Meeting of the

American,-Chemical Society (New" Orleans, Louisiana,
March 20.-25, 1977);.:Not available in hard copy due to
marginal le4ibility of original document

EDITS PRICE MF -$0.83 Plus ,Postage. HC Not Available from_EbRS.
DESCRIPTORS' Chemistry; *Cognitive Development; Cognitive

Processes; *College Science; *College Students;
Higher Education; *Instruction; Science Curriculup;

.1

*Science Education; Teaching Models
,IDENTIFIERS Piaget (Jean);_Research Reports

ABSTRACT
.

The- first part of thiS publication is a study
students' math skills and logical a4ilities and ,their'Success in an
introductory college chemiStry course. A 29-item instrument was
developed and. administered to 343 students. rest scores for students -
who received either-A or B in the course were compared with scores
_for those who received either D or F. Statistically significant
differences, beyond the .01-level,--44-refouna'between the two groups.

' A 27-item revision of the test was giveir-to 371 students in the same,
`course. Analysis of variance and regression analysis were performed
on the .data. It was fouhd that 85% of the. factors explaining a

-student's success in introductory chemistry were different than the
math and logic factors found in the test itself. The authors suggest
that such a test be- used to help identify Students Who do not
function at a formal' level in science courses. Part two of this paper
presentd a-model of 14 'logic- related components directed towards
concepts and' problem: found in natural science courses.'

' This.model,.it is suggested,, could serve to assist faculty in making.'
-changes in-course content and approach that which Would _maximize the
likelihood .of furthering formal.thought.in stUdent5. (MR)

. ,
.

*********************************************************44************
canReproductions sup lied by EARS are the best'that can 'be made *

* from the original document. *.

*************i*********************************************************.
.

.

0



a

A MObEL .FOR FACILITATING FORMAL THOUGHT-
.' IN THE. .COLLEGE SCIENCE STUDENT

Ron Good, Science Education, FSU
Ed Mellon, Chemistry, FSU
Bob Kromhout, Physics, FSU

Introduction

It is becoming increasingly well established that many college students
fail to use formal thinking patterns when confronted with content and probleMs

'of an abstract, fqrmal nature. While subject matter of a formal nature
is not limited to the "n4tura14- sciences, it .is apparent that much Of the
content of a college chemistry course, for example, does require what Piaget
has termeA, formal operational, thinking (Inhelder and Piaget, 1958),

recent paper by Haley and Good (1976) summaries a number of the studies
which report percentages of college students who "Operate" .(intellectually)
at a formal level. AlthoUgh the percentages vary considerabl, probably.
due to sampling and testing variations, it seems reasonably clear that
about one-half of the students in an introductory college science course
do not use formal logic when attempting to solve problems of a formal nature:
gThese "preformal" students are (apparently) unable to.orgauize data systematically;
isolate and control variables, identify hypothetical' ossibilities 'Before
experimentation, ruse proportions, correlations and other logidal o erations
characteristic of formal thought. The general problem-solving oriental on
of the formal student is frOm hypothetical possibility to empirical pro()
while the preformal (concrete operational) student proceeds in the opposite
direction, from concrete experimentation (incomplete and only partially
syqtemtir) tnward attempts at hypothesizing. Since much of the content
of r.olleze-level science (Herron, 197;(), and even high school level, science
(Hartford and Good, 1976) includes abstract concepts and alormal approach
to solving problems, the preformal student is 'left' to "coddle and memorize"
as best she or he can

Solutions to the problem include: 1) flunking' the preformal-'students,
2) "lowering standards" so that all who put forth the effort will pass,.
or 3) attempting to help preformal college students make the transition
from concreteto formal thinking. The authors of this paper believe that

' the third possibility offers the greatest potential:for improving under-
graduate science educatioh in the long run, even though the task appears
to be formidable. A recent study by Lawson aneWollman (1976) provides
a somewhat optimistic outlook regarding the likelihood of helping students
mal:e a transition from concrete thought toward a more formal type of functioning.
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Working on. the assumption that'appropriate inset, ction can help college
students, progress f ward formal thought, the thorS of this paper have
been involved in tr c ing to answer "the follow ng'questions:
°: 1. What iythe relationship between selected math Skills and logical

cabilities and success. ii intro ctory_college science courses.

2. What Component's of formal sought should be incorporated into
the curriculum."receive by college students?

Part One of this paper desci
and Part Two contains a "m
question.

.410;IP

es some attempts to answerthe fqrmer question
el" that might be used to answer the latter'

4114

Part One: Student Abilities With :lath and Logic Problems dnd Their Success
in Introductory ollege Chemistry

The author of this paper have been involve4 in the improvement of undergraduate
scienc 'education programs at Florida'State Uni4ersity_for several gears
and secided to investigate the.relationship'between success in beginning
c.-mistry with certain math....skill's and selected logical abilities. If

he lack of formal thinking abilities was found to be a major cause of
student failure or near failure in such a .course, then perhaps a remedial
program in-thinking could be developed and implemented to help those students
achieve greater success in their major ,fields such as medicine, etc. The
firgt steep, of,COurse,' was'o determine what relationship, if any, existed
between math and logic,skills and success in a Course which could be aSsuTed
tOrequire formal thought. The whole project came to be' known as Practice,in-Thinking,
the title of an interesting little book written some years ago by Profle.ssor '

Jay ,Wving, whh also happened to be 'one of the persons involved duthe ,

early stages of this research and development projeCi.
.

, .
.e. 0.

The,following section describes the first phase ,of project P41; the development
of an instrument which could be easilyadministeced to id4tif studentS
who would very liKeig have difficmaties with.Chemistry,10let F.P.

,
/ ,

,
. /

The .Ill, rumen t ,

,
.

-1 j.

Since no appropriate instrument could be found which tested both math skills
and general abilityOn logic, a test was developed during the summer of
1975. The tesultine29-ifem test consisted of 19 math skills queStions
and 10 logic questions! Math sMills7problems included calchation of signifi-
canOigures, fractions, iaxponents,.and simple equations with one unknown.

,

T4e logic items included simple deduction, possible combinations, perimeter-
arka relations, equilibrium in a beam balance,displacement volume,: probability,

.
andgrrelation% Sixiof'the ten logic items were a version of Piaget-typev
inte 'iew tasks mentioned,earlier and four of the,questions were adapted
from a ZSCS ,test of.legic.°

-.,

On4 hundred and twent:;-two.students in Chemistry 101, a course for science
.c4

orlscience-related*6jors, were given the test during the Fall of 14075,
neat't4 end of the'quffter. ,T4le 1 shows the descriptive statistics

-

of the instrument.': ,
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tatistics for the instrument (Sample 1)

//

/''

Mean S. Reliability Standar4,Error

17./0 4.20 2.09 ,

The ogic questions proved

i

d to:be quite difficult-for Most students. On the
,aver ge, students missed '5 of the,10 items (see items 18-27 in the revised
test at the end of Parrf One.Y.

Diff'eulties in\the math'skills part of the test involved word problems or
sol ng.equations for unknowns. . I.

. -

r An4lysis
4 \
Procedure

. 1

.

.
.

S
ELI

i

ents' score's on the test{ were then compared with their grade in the
chemistry course

,

to determine the nature, of
.

therelationshipbetween the
tw . Those .of us involved with project PIT were primarily interested in

wh ther the test would -liscriminate between the A-B student and the D'.:K
stUdent, so the procedure for analyzing the data was designed accordingly.
.Telst.Scorei fer all students receiving `'either' an A or B were comparedcwith
scores for all students receiving a Dor F, ping the SPSS version 6.0
-aUalysis'of 1ariance for a one-way design. Group.1 (all A.--:B studeqs) was

21

ompared with grodp 2 (all D-F students),On 1) each it, 2) total on: math
kills, 3) total on logic, 4) total score, and,5) percAntage of omits,..

The econd
I

Lmpie
.

!A second group students taking the same course the;followingquIrter
was administered the same test. The second group

iconsisted Of°221,st.,udentsand, they were given the test at the beginning of e quarter rapier than
at tree end. Table 2 shows the descriptia statistics for this secopd, larger-
*sa_ple. .I 4'

1

Taible 2 Descriptii
4

e Statistics for the Intrutfient (Samplip 2)

Mean

17.68

S. D.

456

"4 a

.

Reliability

0.78

Standard EvrOr

2.1,

Results
.

f,

I
0

The data trom the fist sample Of 170'co
course were-#nalyied in the manner jut

l of the'relaelonship between tet.scores
course) and Group 2 students, (1) or/F in

,

liege students,,taking the °Cheri 101

described. Table 3_ shows the nature
for -Group l'students <A or 1 in
course).. \

1.

it



Table 3: Analysis:ofVariance of Test Scores, for A-B Students with D-F
Students (Sample 1, n=70)

F-Ratio- 'F- Probability

Part I: -Math . 13.159 f.00.1

Part II: Logic' 6.927. .010

Total 17.634 .000

Omits 7.953 .006
' -

The A-B students scored. sighificantly higher on both parts of the test
and omitted significantly fewer items than the D-F students.

:aen the instrument was again administered In the Chem 101 .course 'the following
quarter to.221 students, the results shown in Table 4 were obtained.

.

Table'4. Analysis Of Variance of Test Scopes for A-B Students with D-
F Students (Sample 2, N=121)

Part Math

Part II: Logic.

Total

-Omits

32.661

/ 24.514

41.839

5.531

F-Rat iO F-Probability

.°Pa

.000

.000

.020

1

The sizes of the samples indicated in 'fables 3 and 4 are smaller than the total
N to which. the test was administereA because all students with a grade,
'of,C in-the course were omitted'. Also, for sample 2; since the test was
administered at:.the beginning of the course, some students dropped Out.

for one reason oranIther.'
.

.

,.Test'Re'vision anaFurther Testin

C 4 1

The 29-item PIT test was revised to a. limited degree by the auth s

the summer-Of-1976 at-Pthe result xiasa,277.-item test (see Tabl 6 at; the

,end of Fait One) that would'grqvide (hopefully) more valid 5 a. During

, the' 1976 -7.7 acadeMic year, 'Eherevised test was'administertd.to another
.:371 studentg.id.Chemigtry101 at FSU.' The results were generally
= with an.improveMent/in the discr4inatidn index fot71Of the
The bCoween test scores andcoursv-grades stayed at, about "
`the same level as'reported in,Tal&s.4 and 5, using- ilk 29-item instrument.

0 ,

-
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An interesting-Set of scores resulted from the use of the revised test
with'115 high .school chemistry students, mostly,junior . Table 5 shows, cr
the diomparisen of test scores for students in-college hemistry and those
in high school chemistry.

. c. .

)

4A...

Table 5. Comparison of Scores, for High Sci1461 Chetist y Students and College
Chemistry Students on the'Revised PIT Test.

. 0
;

Paita: Math

Part II: Logic

Total

Omits

Meaki Score

° H. 8-.;-

10 4

5

The only notiSeab
of ;the test,-with

Bothgroups'sc ed

/comparison the
groups f d olaki
item - as difu
equal difficulty fo

can Score_
College
12

5

17

d. ference in the results was on the'math skills pare
e average favoring college students by tvo items.

a 5 out of a possible ro for thelogic problems. A ,

ifficulty indexes for the test items showed-that both
s to bp af similar difficulty. In othet words, II .

for the college students, that item was of nearly
the high school students.

The overall test re
students to .80 for
students.

,

Summry and Discus'si

In an atteffipt to det

college chemistry an
test was constructed

0
cheMistry, course. T

B in the course were
ar F. Statistic

were found.between t

'

Lability ranged from .74 for the high school chemistry'
he same revised form administered to.the college chemistry

a,

A revision of the tes
to another 371 -studen

_2yerysimilar to those
of the items was iMpr

I

n

-

/'

rmine the rela \ionship between' success in introductory

selected'Mathskills and logic abilities, a 29-item
nd administered to 343 students-1n an introductory
t scores for students who *received eithe r an A cp\c

/

ompared with-scores for.students who received eithef
ly significant differences, beyond the ./01 lever,\
two groups.
? .

ulted in a 7-item instrument which Was administded
s the same CheAStry course. The results ware
obtained using the original test and overoll.dicrimination .

ed%.'

.
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AlthoughanalYO of variance results shed significant dIfferenced'between.
A-B students aneD-Festudents On the test .scores in.ihtroductOry chemistry,
regression analysiSrevealed tit; an the'average, only about 15% of the
variance in course grades could be accounted for by scores.on the PIT t&st.

, .
Said another way, 85%-of.the factors explaining a student's success" in
introductory chemitry were different than the math and logic factors found
in the test itsqlk..-,

. '
.

.'" Thi.S. statistic is a bit puz'zling since h ly. significant differences in
ao

t-,, 1 "

test scores were repeatedly found betwee A-B students-and DiTF Students.
. One expla ation could be the restricted range in, mean scores for A-B'students

and D-F'st dents. The ,range far- awn Scores was from about 14-15 fort the
D-F groUp e abut 20 for the A-8 group. Increasing the total number of ,

items would o er a solution but at the-same time, it would make the test
'::\ less desi?able.in terms of .total time 'for adiailnistration..-

.

\

O

4

..,,--

Another explanation could be the 'motivation factor, widely assumed to be
a significant.detefminant in successful navigation through college courses.:
,If motivation accounts for a larq p&rt of the unexplained 85% variance

*

iw,in,course grades, Ehen.itmight be assumed net quizzes, midterms, and
*finals in the chemistry course can be passed successfully, even though

seemingly important math skills and logical abilities are facking.,
.

14, I., .y
. . .

S

In conclusion, the authors were able to develop a test on math skills and
logic abilities that differentiated between succei 5 ful and kinsuvessful
.students in introductory College chemistry (see Table 6). since itz can
be- administered quickly (30-40,minutes). and easily to large groupS 'Of students,
theifistrtment could4Wusedeb help some students early in the course,
identify, and attempt to remedy specific shortcomings in math and logic..

Table 6. Revised, 277iteminstrument.
,

I

. 4
. _

A

b' 4.1A

Please read: This test has been designed tdaassess certain skills
and thinking abilities which re related to success in this course.
The results will be used to assist future students..ih-thid,course-..
who indicate that they'might have difficulty. with some of the items.

/,
Please make no marks on\this test. Use themachine-scored ,response :.est.

sheet frovided for your_answers and the "worksheet': for .all calculations,
reasons, etc. It'is iiiiport&E to Mimi how you arrived at your answer..
Remember to put your name on both the machine-sdored response sheet

k and the work sheet. Begin when your idseructOr iivesithe indication/

t

. `/
o



.

so'

. Page 7.

Part t: MathSkills and Problems

Please select the answer which)/you calculate

.

to be correct,. show your" choice
...

',in pencil-on the machine-sCored response sheet, and shbw'your workor reasons
on tile work sheet. *

s.

Calculate :the value of the following numbers to tHree significant figured:*

1. (3.82) x (0.10) = (A) 25.6$ (B) 0.1546, (C). 1.57, (D) 1.67, (E) 1:48

2. 2.80 1, 0.10 =- (A) 2.67, (B) 267, (C) 2.7, (D) 28.7, (E) 2.7\-, .

, .

3. 1.25 - .318 = (A) 4.07, (B) 6.93, (C) 7.22,(D) 7.07, (E) 7.568 Ns
.

, . - ,, 4

--

4. Express 3/8 as a decimal: 'cky

.

.300,

.

(B) 3.75, -(C) .375, (D) .038, (E) .380
\

.
am16.

Find-the value of the following and express in the simplest fractional form:

5. 2/j.- 2/6 + 5/7 = (A) 1 1718; (B) 1 5/42, (C) 17/21, (D) i 4/21; (E) 1.1/21.

°

6. 2/1 3/4 = (A) 8/21, (4) 6/28, (C) 21/8, (D) 2/21, (E) 5/28

. '

'Calculate the value of the following exact numbers:

4 -3
7. (2 x ).

2
= (A)

8. 25 2-3 = (A) a,

9. (1/4)1/,2.= (A) 1/N., (B) 1/8, (C) 2/8 (E) 2/16

-2, (B)' ?, (C) 4,'(D) 8, (E) 16

(C) 32, -(D) 128, (E), 256

C.

Calcular the value -(in. scientific notation) of the following_exact-number
-

4.; , \ 4
x 10 ) (-1.x10

4
) (5 x 10

2
) = (1.59x 10 ),.(8) (4.g x 104

(C) x (D) (1.5 x JO ) ,

.1°
(E) 1.5 x 10-n

11. (3x 107) = (8 10) = (A)-(2.2 xo I07), (B) (-5 x 1013 ) , ,(c) x 10
(D) (IA: x 10 ), 01' ( -2.4 x. 1014) 4

4

-S"."° 12. If x
r

then' -2x-- Xii!-k(A) 35,1B) -35, (C):15, (D) -15,

J.3. .Solve the folio ing equation for x: '3x - 1 7 8 -x/3. 'CW:9l/T,
(B) 24, (C) 30 (D) 5 y8, (E) 2:7/10.

4./ 4
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Xverson throws 100 darts at dolored balloons. Out of,100 throws, 10 red, 15 yellow,
8 green, and 20 white balloons Are popped. 4--

,
. i

. C
14. What percentage of the darts thrown hit'red ball ons?

1
x

(A) 20, (B) 10, (C)' 5,' (D) 15,
\
(E) need more inf rmation to determine

$.
15. 'What percentage of the darts.missecl?

(4) 2(3-2,- (i) 53, (C,) .46, (Di) 51, (E-.) 47

16. If 12 apples at30 cents ap
are purc4sed, what is the

ece and 18 pineaRp,les at 5Q cents apiece
verage price per item?

,

:0 (A) (B) 40, (C) 42, 0:1 35, (E) 38

.fr

O

' 17. Four persons A, B, C, and D are involved in a "tug-of-war." A and.B form
one team against the 'other team, C and D. A pulls, only 1/2 as hard as B.
If A pulls with a Force equal,to pounds'and C 6.111s with a force equal
to75.pounds,hol4 hard D have to pull to .keep the battle "even ?"

,;
9

k

A t,C D

(A) 25 pdunds, (B) 20ftounds,, (C) 17.5 pounds, XD) 275 pounds, (E) 225 pounds

4.

Is

O

Part II 'Logic

,.
.

, . n --_,_

Joe _is tliefastefttsof four men; Bill, the next fastest; Ken, the next fastest .and 14-,,v4
.

OR
' the next fastest. The'fastest man has the smallest feet; the next fastest m the nekt

smallest feet, and so on.,- . .
--\ A

es-

* 18. Who has the largest feet?.

*

't

.

. '
. .-

. -
(A) Joe, (B1 Bill; (C) K (D) Dave, (E) cannot determine. L

..... 4.

Whollasithe next-to-smallest teat?

(A) 'Joe, (B)T4.1, (C),Ken, ("15ave,(E). cannot determine.
4

a.
,

I 4

4 I "
.

* Adapted fri'dm a BSCS test of logic' by William Gra

*-

r:0

.,

4

I.

,

0 IN
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All of thefolloi Wing sentences are true:,

The maid Ilk s her jOb, the,,wife faints,' the cook ru ns. outthe'door,
and the husband lives.

The wife ddeSL not faint, the maid likes her,job, the-cook does not
run,out the'door,,Anethe husband lives.

421

The wife faittsthe cook ddes not run out tilt door, themaid does
e her job.,.._azd the °husband does not liye.

What must be necessary for the hushand,to live?
. r-

. not

I

(A) the maid likes her job, (B) the wife'faints, (C) the cook es not'
-run put the'dodr, (D) :the wife does. not faint, (E) 'The cook runs ut
the door.

. ,

Four companies (Ford, G.E., IBM, Post) are going to have offices on the first four.
.

floors of a new building.erEach company may choose any ofithe floorp for Its offices.
No two companies Can be on the same floox,

....T
. * 21. What is the greatest humbeeof ways that thecomPanle's offices Could,be

arranged on the floors?
.

(A) 8, (B).,12, (C) 16, (p) 24, ) 30

22. Two long pieces of rope,:A and B,
into-a square, B into a rectangle

, _on a field of grass: Which'or the

23.

are -the same Tenth. Os shaped
(as in the figure) and lath are placed
followiug is true?

- (A) More grass,inside A, (B) More .grass inside B (C) Sarileam6unt
e-of grass in both, (D) Cannot tell without taking Meaiiiremee,
(h) none of the above

rs.

A
(* I

r .
. ..,

. . .

What Will,happen'fb.the balance on the left as these,identical,,dripl,ess.
candles burn? : The balances on the right are for yoUr information.

;

A

,(A) Side A will go down, .(11) Side

will go down, (D) First B will go

(E) First AVill aownlut then

C

5

B ,

11

A 10.
B ;will gb44pwn, (C) .neither 'side

down but_theh come back up,
come back up.

. , -.
,t Adapted'from

a BSCS test ofTogiciy William Gray* , ...,
.....-7,..? :- .1..t-, a-,,,,--;-- .

,

'-. f 44

4

4 , -
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2A- What will happen to the water level A, if, the object (rubber stopper),

B, which is resting on the bottom ;0,pulled up off the,bottom so
that the top of the rubber stopper is level with point C?

'

B '

A

6

N

(A) A will go upo(B)-A
go down, (C) A will not-change,' c

'(D) A wilL first rise and then fall,.

(E).cannot determine

Forty playing. cards each have -a face drawn onEhem. The face can .have

blue or brown eyes and blond or -brown hair.

25.

IC

, 4
If there were 5 cards with blug eyes aild brown'hair,, the chances
of getting ."such a card. from the deck of 40 would hp.:

- r "
(A) 1 in-5, (B), I in 8; (C) 1. in 10, (D) 5 in,'-20; (E) cannot determine

from the above information.,

26. .If the deck of 40 cards contaips 1Q cards with blue.eyes, and-blond hair,

- Jo cards with blue, eyes and brown hhir, 1.01 cardswith brown eyes and

0 .
blond hair, and 10 curds .with brown eyes and lirown'hair, the

4 chances ofdrawing a face with brown eyes and brown hdir frOm, the' /

.7.. shuffled deck would be (A) 1 in 2; (B) 1 in 4, (C) 1 in. 5, (D) 1 in 6;

CE) -1 in 10

. /
. tS4

)
I .

17
,

.
If the possIble combinations,of eye and hair colot are aliqhys

/equal as in question 26, then the correlation betweeeeye and hair

,I'color, for the colors given, will be: (A) 1, (B) .75, (C) .50,

. a ,

,

y 0

. .

$
.***4*.,1,,,,,k,

.

f

, I

.

*-
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PART TWO .

.
.

A mot', FOR FACILITATING. FORMAL THOUGHT ., N
IN THE COLLEGE STUDENT A

4.

:4
/

,

t
,.

. .4 ..
. .

Part One of this paper'deelt with the development of atest.to assess
math and logic skills and the analysis of the relationhip between
college students' scores on this test and their success in an intro-
ductory chemistry course. This part of the paper presentssome ideas
on characteristics of the contentof a course or program designed to

,

facilitate formal thought in college tudents, -A test puch'as the one
described in Part One can help to i ntify students who do not function,
at a formal level in science cou4es, but it says very little about '

whacmight be done to help these students become more "formal operational"
with regard to problem solving. The components of the model described

,,. .

on the-following pages could beused in a variety of ways and some of
:these applications will be discussed. A model such as the one describe
on the following pages, could serve to aseist faculty in,making changes
in course content and approach that would maximize the likelihood of
furthering formal thought, in students.

..

Model Components .

a'
,

i

A. -CompiAge,tion and Math Skills
1. Operations with whole. numbers
2. Fractions andrdecimals-
3. Exponential numbers
4. Soliiing equations"

, -..- . .B. General
.

Skills
4

1, Measurement involvIng unit notation
2 -. Estimation

4
. I'''''".---

3. Organizing and describing,dat
.

4. Nranspo4ing,word problems intoS1MboIs'"1,

C. Logic-Related Skills
.

:1. Making-all possible combinations
2. Usirig proportions

3., Making'Correlations
4.40-Using probability .

. , ,

5. Analyzing and diagramming physical phenomena.
, .

. 61 Identifying-relevant.and irrelevant data :--2-..

.7. 'Defining and using concepts in'termsof other'concePts
;

. . . .,
8. Developing hypotheses from data'. -- '-'

9. Identifying aid resolving contradictions in data
1 10.. Making prelittionbased on' ,givendata
'll.' Designing- controlled experiment, *.. .;

12. : alIzing andcriticizIngexperimental design
131 mparing theories with data.#--', . .

vo.'.14.- Comparing:conflicting-theoties
,..

. . 9

D

. TheOketical Basis ofthelibdel , -
. ?

Irihelder.end Piaget (958)-described the growth of lOgical t'hinkirig
from childhotid to adolescence by tracing the-development of mental,....,-

. structure from ei1) ;hose which explain the logic of'?eimple.classes.and
:, -' .,. . , ..

4

13
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relations With-concrete_subjects, to 2) more advanced structures which
allow for hypothetical-deductive logic. It is these more advanced
Structures which constitute the'formal approach required to'yractice.
and understand modern science.

Late,in their bool$:in a.chapter entitled "Concrete and Formal StilCtures,"

Inhel er and Piaget (1958) describe eight scherias or special op4rations
which explain many of the specific characteristics-of forma&thinking, as
reqUi ed in the field of science. These schemesform the Basia.:of the
model for facilitating formal:thoughein college' student's and alikiel
description of each of theth follows:

..
.-1,".

1. Combinations. .A complete combinatorial system is avail able
to the formal thinker.which allows for the testing of 4
factors and their combinations.

s/71-

2. Proportions. Using ratios hetwten factors to determinei
othet rel4tionsilips is one of the most common aspects of prob-
lem solving in science. The ability to establish logical pro
portions and find quantitative solutions, is characterislic
of the formal thinker.

3. Reference Systems. Relativity of motion is a good example
of this formal "schemahich requires a coordination of one
refetence system 'with.another. Predictiosabout the motions
within two different reference systems require the combin-
ing of both inversions and compensations with respect to each

.

rsystem. , '
sit '

4.1 '-'-:- -ft brium. A formal concept ofieguilibrium requires mental
a gins similat to Ole prev'ous scEema,.that is, inversions

,'andt: mpensationS. As on
is ch 'ed, one or more

.-. maintain the bal4nted

5. Probabilities. An
occurrence is exc
at the formal 1
at. the hypoth

tried.

,
.

Correla ons. When causal:relation'shps are not known with - °

-, accur y, the confirming.cases,must-be distinguished from the
tot possible ..cases. -Ibroughllis process a cortelatiCin

. .

i determined and one can see that this concept 1 closely
.

elated 6.the concepts'of,proportiOns,and combinations.
.......

1 . ,

Compensations. An understanding of this Concept allows Onei
foi example, tb conserve the volumf of a liquid even.though-the.
Elimension4of its container are changed..

.

. -

,.

r

'8.' Advanced WIservation. ..An example Of atype, of conservation ..
that is .difficult to verify in a direct, positive; way, is the

,. .. ?- . a.
.4principle of inertia: As,comed to tife concepts of number
oi area or weight; inertia, more abstract and,,therefore, themore

,

process of verifying:the conservtion of inertia' requires,;,a, ,

-more formai deductive ApYroach.' '
/

I

. .

factor in a system at equilibrium
ther"changes might, be necessary to

tate.

ccurate notion of the concept oaf chance
edingly important in modern sCierkedvd, .

elw,,reflectg an ability to reason strictly
ical level first, before empirical tests are

sv

O
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These eight formal schetas combined with the author's thOughts about -the
nature of the scientific process, form the basis of the model for
gacilitating formal thought in college students,. outlined inthe'previdns
section.

-D'riefDescription of Model Components

The math skills part of the model was designed for an introductory
course in college chemistry. and could easily be modified to "fit"
physics or other subject matter.

'General skillsincluded,1) measurement involving unit notation, 2) .
estimation, 3).organizing and describing data, and 4)-transposing word
problems to symbols. Like math Skills, these activities are not
seen as requiring "formal" thought, but they are very important areas
in which 4 student should become fairly proficient. .

General Skills

1. "Measurement involving unit notation":

Real as well.as "mythicar'innits are a part of the measurements and,,,
again, all exercises and problems.are keyed to, easily measured oh--

' jects-4and events. Measurements of "static" objects precede measurements
of dynamic systems. Mythical units (glerk, medrile,, etc.) are used o

emphasile-the 'importance-Of keeping track of units as well as number
in wilting equations.

2., "Eshmation":

Estimation-is a powerful technique to determine whether,certain
ations yidla a "sensible" answer. Simple estimation of one type 1)f'unit
is followed- by more,complextypep where 5.016 different steps ae

- involved.

Example: Estimate the pumber.of grains of sand
in a teaspoon. given: grainsivOlume

'''. ,
.

Example: Estimate the amount of water, (weight)_
which would be required to fill the Houston

.

Astrodome.
. . 0

'3. .--"Organixing and describing data": ... , 0 °

. C.

It is.easier_to "-see' patterns' if data are'"Or nized'in'varloup ways.various
Classifying, and ordering are two important pr cesses inthe-early
grOw,y, of logic and,yariatibts on the ..processes continue to help in six-

' ing nuantitativefroblema. ,The general purpose-Of this compOnent is to
,, emphasize the,impoitanqp,of organizing datairi ways,whickhelp people-to

0 4

make morl %,se outof,
. *

it. Data fram experiment's are recorded in'a

. ' random way-4 d then successive-Nd-rIndomiang".actions areitaken. 'ike
**- first jugt simple groupings are made and finally various-types of

, . . .
graphing procedures are used.

,tg
1.5
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4. "Transposing word problems to symbols ":

Identifying relationships among factors, in de'rscripilk''sfo d" problems
and quantifying these, relationships is a Source of ..g;reay. fficiAlty
.for many stnilents. This component helps, the student e the economy
in allowing tobls to'ilpresent vaqouS 'facto# e and more
complex rela nshipa. SCarting wittileoncrete,s#1.tati. s, students are'
asked to represent t,he.realIty using'S ols/ /-

Logic Relate Skili

1. "Logic of Combinations":

Being able to combine the relevant factorsin 'a
situation in all possible ways is a part of fo
mining .the nature of, the effects of ,4arions
dulum experiment requires' a cdriaplete-der,biii
that possibly relevant factors are nOt,:o;sie
students are 'given combinatorial,;`
with objecti. ,

Example:
, J

You haVe /one- reff
Row' ma,nx d4.4,tf ere

Example: The weight' o
of the,stri
experiment

ei

2. "Logic of ,Proportions":;

given- prsblem Solving
thought. Deter -

ctors' in a simple pen-
oriel' system to be sure

looked. In this component
which can grow out of actions

le and ne white die. .,
t combine ions are pos-*
dice at once?

the object and '1 ength
g can be varied in an

to determine what affec
" the perio of a qwinging - object.

/:many:,"different=;a3ra'tat the factor
(weight, length) be varied (to the
on 'die effects )of the swing?

- Proportional thinking is often involved -in.solving
is to predict the required change in some, factor
some change in a related factor. If a liartiable
what corresponding chinge will restore the initi
rium? Or given that we have a 'certain relatiqn
what is the relationship between othe47 related /actors? -=

Example: A seesaw has2 persons' on
is x pounds and y meters
balance point and- the of

-' pounds and 30, .meters fr
point. If y changes by

-',to thq fulcrum) what mum happen on
.the other side to maint equilib-

roblems ,where one
a system, givqn

a system is, changed,
state of 'equilib-

ip between 2 factors,

t, one
om the

r is x'
the balance

0% '(,eloser

kriuta?

r

4..y.

it-

.
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03. ":"OakingCorrelations":
- . . 7i ,.

, , _ .

In ioifing:dicethere should be no relationship (zero correlation).be-
tween'the "up"- number onione,die and the "up" number on the other die.
-Student0,4tart With random events and then begin to look for nonrandoni-
ness (patterns).and,try to determine the magnitude'of the relationship.
,

-. ,

* . Is event y. always associated withx or only so often? This notion is'-
4..
obviously. to probabili .

4. "Using-probability":

This notion is closely'related to the logic,Of combinations since a
concept of change depends on an understanding of "what is possible."
Knowing thechances of rolling a six on a die requires a knowledge of
the total possibilities and what part of the total the six face rep-
resents. (gtudents:conduct,, many simple chance .experiments and
observe and deduce,tfie probaLlily of certain events occurring. Other
data on occurrences ofvarioUs events are also made available an the
students deter-Mine:the probabilities of the events actually happCning.

. .

5. "Analyzing and fliagramming \Physical Phenomena":

Data which are presenied3in a "random" manner are sorted out, cate-
gorized and represented intables, diagrams, etc. This is an exten-
sion of ".Organizing and Describing Data"-and is intended to involve
actual data collection.

6. "Identifying Relevant and IrrelevantDatel

If a person has a reasonably good grasp of a problem, he/she will be
able to.sort outvariables which are prob\ably relevant from those
which are probably irrelevant. Especially if a' eelationship amOng
the variables is given (-= d/t. F = ma, etc.) i
extraneous data could be discarded andonl th

Two.different problem "types" are given he a
0.1 encourage thought and action abOut relevant an

i

Problem 'Type 1:1 Determine what affects the rate at whith spherical
objects .roll liown an incline.. Rank each factor from mostjmportant'
(1) to least important ( ).

\

mass
, -

factors: .14p, weight, hardness, smoOthne s, color, mass distri-
bution (hollow, solid), temperature.-

,

I:
1 ,. . c 4

Problem Type 2': The, average velocity of an objet can be found by
measuring :how long (time) it takes to" travel. a given distance. Find
the average velocity of espheriCal object,) given the tollbWing data:.

\le would expect that

relevant-data-used.
eicaMples Of ways to.

irrelevant data.

weight: 1000 itami
size: 10 cm .(diameter)..g4-...,

time of travel:, 10 sec.
"starting speed: 0 cm/sec.
.top speed cm/sec.

. distance travelled: '1006 dm

angle of incline: .X. degrees

weight of inclined plane: 10 kg
I

a

44
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7. "Defining,

\
Velocity ap a con pt is used in defining accelerration and therefok
acceleration can e' c nsidered a "second - order" operation.: When con -

crdte operations ate combined thru implication,' conidnction, etc. to`,
form new "propositions," formal thinking is,occufting.. .

.

fj :

ng Conceptsan Terms of ather Concepts":

r'

. ... _ . .

.
This" component hould

,

into second-Pr er oper
.. ,

'more basic concrete op
,

.....

css should tianscend
.

might be donetin 6 solv

8. "Devqopng*Hypot

Dev ehypotheses
ginning

,

a
4 somewhat

,,;tbe`hjrpotlieses., Ident fying and controlling variables is 'an obvious
,

'factor hetet. Students would be asked to relate hypotheses from given
data as'wenas generating their own hypotheses from data. An impor-
tant

.

Cant techniate here is toaggorce" students to make logical links be-
tweervd.ta anrhypotheses rather than links based on experience.,

. 0

onsist mostly "Of4combining concrete operations,
tions and in reducing second-order operatiO-nsto the
rations. Attaining reversibility-in this pip- -:

mechanical manipulation of'equations as- M.
ng equations."

eses from Data":

hich are logically related to data requires be-
bstract level and then devising means pf testing f

i

.a.
.

Sear Oing forqatterns typically-inolves resolving contradictions in
sore, the datg. In "The Growth of Logical Thinking," Inhelder and
Piagetidentify.the ability to eliminate contradictions as'one of the
Ctaradteristics of Tormal thought. Components 13 and 14 are'clbsely
related to this cqmpdent, but the emphasis here is on dhta,about _

concrete ventsrather than dada- theory compatibility.

,

_re ,, I
. .
Students qv do expe.punts designed to provide:Eontradd,ctions to a
pattern. of development or they:cmn consider data presented in tabular
or graphic form. /In either cagkfthe purpose is to identify and
i

. solve the contraixtions. The 1;:cis4Or the aRparent contradictions
in the data would be generated_b tudents. ,Also? pOssible reasons
:T.q.ould be offered to the students and theiare_to-decide which posSi-

. 4..bil.ities ,"make, sense:".
A

.. - .

i

4

f
. ! ,

10. "Making. Predictions Based on Given pate:
.

i .

dentifying and Resolving Contradictions in Data":

a

71. t S
1

_, Extapokr1.11,CfrOM given -data. is the focus for this'camRone4.- Given ..
t

a certain-MternAof data, what pred#atons.can be detived? Problems
can become moire complex as different types of data are brought into

0 the picture, as4nWeether.predictions:l.Adthough a knowledge of more
:

weather-related-factori-can allow formnre accurate predictions,.itz.also
,,,. .

becomes More com#liCated in trying to coordinate all of .the factors.
.

,
,

*140tedictioon gatterns can be based an symbols for objects or
datafrom exkftiments4 Whatevettlie format, the basieprOcess is the
sade. 0,), ,

41
.2.qW
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HI 11. "Designing Controlled Experiments' ":

.-

Once factors are groupgeas relevent variables, the process of
ing out" can take place only by changing one thing_at a'time. fn the
pendulum expgr'Tent referred to in component 1, factors which might affect
the rate of swi
of.the object,

g include length of string, weight of the object, size
ow the string is attached to the support, height of

'=release, etc. Controlling,all variables except one reduces the ex-
-_priment to essentially onevariable.

Students will analyze designs of experiments as well as design
'their own. It is important here t. interaction among students to
allow Comparison of designs on the same estigation. All.experiments
should be such- that they are a part of the ent's environment. Ques-
tions such as the could be posed: . sY*.

.

1) Can stokers.identify:their own brand of Cigar ?

`2) Can drinkersidentify their own brand of,bourbon, scotch, beer, etc.?
.

.o ,

.
A lab setting should also be available with equipment for pursuing con-

.

trolled experiments. s

12. "Analyzing an& Criticizing Experimental Designs:

The nature of experimental "proof" is seldom clear-cut ,and definite.
A good experimental design shoUld consider all possible variables and
provide for, proper data analysis. :A faulty deSign can lead to mis-
leading data and, therefore, imprOper.conclusions.

13.' "Comparing Theories yith Data'1:

Are the aVailabfe data consistent With'a given thedry?, If not, in what
= ways do the data seem to be inconsistent witty the thebry?

14. "Comparing conflicting Theories ":

How do theories, which attempt to explain similar phenomena, differ
anOwhat are the strengths and weaknesses of each thecry? DO certain
.data suggest revision of-part of.a-theory ?

,
Discussion

The,14 logic-related components that'have been briefly described are
largely "content-free" even though the model is directed toward con-
cepts and problems typically found in natural science courses.' just
how the Various compaente might be incorporated' into a course or
140gram has receivellrittle attention up-to this point in the paper.
There deems to be generairagreetent, however, that formal thought
should be facilitated by teacher: . r

1. Beginnii4 with faniiliar,.condrete eXamples.x
2. EmPhasizing'a "noncookbook" laboratory-approach td identifying

and solving problems.
' 3. Questioning all answers.
'4. ,Intendkonally introducing (apilarent) contradictions that

cause cognitive conflict.

4%. 19 1



cv,

Encouragi
.

lems,'etc...

6... Removing o

$

8

rts

student interaction in codSidering ideas, prob-

. ;

stades. to maximum exploratibn of ideas.

for such a teaching approach could be specific,
,

much more general.. An example of a more general
Developing Abstract Prosesses of Thoght ADAPT)"
ebraska in Lincoln. RobertG. Fullerfti ector, .

y members haVa developed and implemented Piaget-
nstitutes a student's entire freshman year.
story, economics, physics, anthropology, and
:o assist student's in developing formal thought.

of such a comprehensive appfoach is the' ability
ronent for the students that, hopefully, aes, 1

gress toward formall'abstract thought. An
obvious disadvantage is the difficulty in coordinating such an effort
Where each. faculty member lends his or-her unique interpretation of Piaget's
theory of cognitive development to classroom practice. TheyarTous
factors that might affect a student's growth, toward formal thought can

better controlled in, say a single chemiStry course, but the amount
of time a student is involved is drastically reduced.

. .

The authors of this paper had hopedto develop a competency, -based prd-
,

7-gram consisting of a set of instructional modules based 'on the 22. "com-
ponents" already described. The PLATO computer-system at FSU was'totbe
a,major tool in this program, but, a

L)

lack of funds changed the
course of events. Since it is -very expensive to develop quality in-
structional modules with a computer-based comionents it now,opears
more realistic to. think in: terms of an ADAPT-tyRe approach. The model
proposed in Part Two of this pa ar could he used to assist willing
faculty mmbers in "adapting" eir courses to a common core of com-
ponents. Self-tests should developed to allow a student to deter-

'subject matter"
sick as chemistry, o
program is,Viccent o
at the University pf

, and eight other facdl
,based program which c
Courses in English, h
.

math,ematics 'are 'used
. The primaryadvantage
-.to create,a total env

in fact, facilitate p

mine-his her level of competency (a PLATO-type facility would be
.Valuable for this) to deal with the various components identified
in the,proposed model for facilitating formal thought in college
students,.,While ample tithe must be provided for-students to become, .

better.able to deal with problems requiring, formal thought, the pro-
gram should KOmpetency-based rather than time-based.' That is,--the
,level of competency of "making combinations" or "using proportions"
or "designing controlled experiments," etc. should be-cdicretely defined
,to allow for,variations in the°rate at which students progress toward
formal reasoning ability, Once thecomponents for a working model of
fOrmal thoUght can be agreed upon, Eke corresponding "competencies':
can be identified for individual couiges in chemistry and other areas
ar for more ;comprehensive programS such as ADAPT. The "model" out:
linedin this paper` represents one attempt a
that is comfi(odly required in modern science
will probably be useful only if the reader a

- standing of the growth of logical thought a
7

O. 20

'defining formal thought,
ourses. Such a model
ready haAsome.under7
defined by Piaget's wuk.

Sormoloniprin
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